Transformation of the physical environment in the Great Hungarian Plain : 1945-1985 by Jakucs, László
TRANSFORMATION OF THE PHYSICAL ENVIRONMENT IN THE 
GREAT HUNGARIAN PLAIN, 1945-1985 
L. Jakucs 
Motto: The physical landscape is the cumulative material and relief quality product of the 
paleogeographical events of previous periods. As a consequence, the quality of the physical 
region provides abundant information not only on its own evolution history, but also to the 
consideration of the validity trend and magnitude of the processes active in the landscape. 
The Great Hungarian Plain of almost 100,000 km2 area is a lowland enclosed 
by the Transdanubian Mountains, the Carpathians, the Bihar Mountains, the 
Southern Carpathians, and the Balkan massive and it was produced by crustal 
movements, infilling and planation over millions of years. The present surface is the 
outcome of a chain of past events in geologic and geomorphologic history. It is 
beyond doubt; the geomorphic natural agents, however, which were active in the 
past, have not ceased to exist, but, subject to the physical, chemical and biological 
laws governing them, they still operate and shape the surface in the present and will 
do so in the future too. In the assessment of the quality of the physical environment 
in the Great Plain, therefore, we have to take the natural trends of further 
development into account, which are independent of us and active in the sculpturing 
of the natural face of the Great Plain. 
We, the inhabitants of the Great Plain, with our efforts to design and utilize 
the landscape according to our social interests, are frequently directly faced with 
spontaneous landscape development and sometimes we attempt to adjust it to our 
goals — both in the past and in the present. Our social decisions and actual 
re-functionalization of the landscape to our ends have resulted in new properties of 
the Great Plain landscape. All have been done to make the environment more 
comfortable and more productive of goods of consumption: channels were regulated, 
floods restricted by levees, channel lengths decreased, wetlands drained, the 
predominantly grassland with groves original vegetation removed, the network of 
canals for drainage and irrigation built, large reservoirs established, various 
technologies for soil amelioration developed, villages and towns with concrete 
surfaces built and chemical compounds, industrial, agricultural and transport wastes 
disposed in the pedological, aqueous and atmospheric environment and so forth. 
Thus, the Great Plain has become an anthropogenic macroregion by our days the' 
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development of which reflects the responses to social requirements manifested in 
more and more channels. 
The human transformation of the landscape is, naturally, not characteristic of 
the Great Plain only, but a world-wide phenomenon and an inevitable corollary of 
socio-economic progress and technical development all over the world. In some 
countries and environments, the denaturization of the environment is of higher 
degree than in the Great Plain, in many countries of the Earth, however, our level 
of transformation has not been approached. We may not be mistaken to state that 
we are in a stage of nature transformation in the Great Plain when on the front 
between natural landscape forming agents and human reorganization of landscape 
functions, a battle was won in the short run, but we are unable to handle most of 
the feedbacks of the consequences apparent on the long run. 
The aim of this paper is to present the major trends of landscape evolution 
which are as yet out of harmony with our targets and which, therefore, need more 
detailed investigations in order to elaborate a promising strategy against them. 
The first group of topics of considerable importance to study is the consequences 
of the present subsidence and the missing recharge of sediments in the area of the 
Great Plain. 
The distortions in the natural landscape 
dynamics of the Great Plain owing to human 
influence 
The Great Plain is a basin subsidence of a Paleozoic-Mesozoic and crystalline 
basement which is compensated by the levelling effect of various sedimentation 
(locally and subordinately of erosion) processes. 
This sedimentation was the permanent control of the subsidence of the basement 
and prevented it from resulting in an inland lake in the middle of the Carpathian 
basin which would have existed for a long period of time or would even have 
increasingly deepened. 
The total volume of sediment accumulated in the basin since the late Tertiary 
and during the Quaternary enduringly exceeded the growth of the sediment recipient 
capacity of the geosyncline per time unit, although this latter was increased by the 
subsidence of the basement. Thus, in the balance of basin subsidence on the one 
hand and basin sedimentation on the other, at least over the last four or five million 
years, it is undoubtedly the rate of filling that was higher and sedimentation was 
the predominant agent in landscape evolution. 
It is a rightful statement concerning the origin of the Great Plain that, although 
in the sculpturing of the details of the complex, multicomponent overall geomor-
phological picture, a vast number of Pleistocene, Early Holocene and Recent 
geomorphic processes (soil formation, alkalization, deflation and eolian accumula-
tion etc.) were active, but all these geomorphic processes worked upon the material 
primarily transported and deposited by rivers coming from the encircling mountain 
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watersheds to the subsiding geosyncline. It means that, although it is not always 
the rivers which organize and shape each detail of the visible landscape, the primary 
material was everywhere accumulated by fluvial processes and handed over to 
weathering, wind deflation, soil erosion, mass movements and frost action which 
agents created a wide range of forms. 
The diversity of the Great Plain landscape necessitates the distinction between 
the natural processes which compensate the gradual subsidence of the geosyncline 
by producing sediment and the local geomorphic processes which may work upon the 
given material on the spot, select it and built up the landform elements complying 
with their nature. Therefore, in the genesis of the landscape material providing and 
material processing natural processes have to be distinguished. In this study the 
primary aspect of this system of relations, the origin and transport of material is 
investigated. 
The thickness of fluvial sediment differs with the various parts of the Great 
Plain, but it is considerable everywhere. The sediment sequence including the 2 
million years of the Quaternary is only 40 to 50 m deep in some regions, but in the 
partial geosynclines of more dynamic subsidence it reaches thicknesses between, 400 
and 500 m. According to the detailed analysis of the Dévaványa borehole, for 
instance, the Pleistocene/Levantan boundary is placed at 450 m depth. It means that 
the rivers which deposited their load here were able to accumulate material in 
compensation of (450,000 per 2,000,000 equals) 0.225 mm per year subsidence (more 
than 20 mm per 100 years) and it equals to deposition of 225 m3 per km2 per year. 
It is noted that some authors (URBANCSF.K, J. and RÓNAI, A.) estimate an even 
thicker Quaternary sequence, up to 800 m (!) locally. 
As matter of course, there are sections in the Great Plain where no considerable 
sedimentation took place during the Quaternary. These sections are mostly 
coincident with areas where no remarkable basin subsidence is known from the 
Holocene, while in other areas, particularly in partial basins of fluvial fill, the 
constant further deepening at various rate from place to place of the basin was the 
predominant agent in the origin of facies. 
The map of validity trends of spontaneous natural geomorphic agents in the 
regions of the Great Plain is presented in Fig. 1. 
This map well illustrates that the predominant geomorphic agent over the major 
part of the Great Plain surface is fluvial accumulation which operates through the 
deposition of sediment load deriving from the adjacent mountain watersheds. In the 
meantime, they permanently changed their courses as well as the main direction of 
their flow. This fluvial deposition was rapid enough to keep pace with the subsidence 
of the Great Plain at various rates and, consequently, the surface of the macroregion 
was always filled to produce a level plain. 
The above formulated close relationships between landscape quality and the 
energies spontaneously active in the landscape were the exclusive controls of 
evolution even before 200 years ago — but they no longer are. It is because Man 
appeared with his sweeping dinamics in landscape evolution and human society, 
with its techniques made more and more efficient in an exponential way, neutralizes 
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Fig. 1. The regional distribution of the most important quaternary tandforming factors on the Great Plain (L.Jakucs) 
the genetic processes of previously rather prolonged existence to a degree increasing 
decade by decade. Human impact on the landscape produces not only new elements, 
but it is an active brake or regulator of landscape energies. 
The true extent of the efficiency to stop and reorganize spontaneous landscape 
energies is not easy to estimate for the Great Plain. Even professional opinions are 
directly opposed in this point. Thus, there is no place far any subjective opinion 
based on speculation. Instead, aspects and methods founded on unambiguous 
measured data have to be sought which reveal the interactions of truly objective 
tendencies and facts. 
In order to estimate the impacts of human interventions like river regulations 
and flood prevention measures as well as the drainage of marshlands arid the 
transformation of natural vegetation in the Great Plain in an objective manner, the 
map of regional distribution of the present (20th century) physical geomorphic agents 
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Fig. 2. The regional distribution of the most important recent (XX century) tandforming factors on the Great Plain (L.Jakucs) 
in the Great Plain landscape was drawn (Fig. 2). On the map we intended to represent 
the same landscape factors as in Fig. 1 in order to point out the most important 
differences through the comparison. 
When comparing the two maps of the same area, the following become evident: 
1. In the areas of intensive fluvial deposition on the first map, fluvial 
accumulation has practically ceased by our days and rapid sedimentation is restricted 
to the narrow linear strip of active flood-plains between levees along rivers. Here a 
major areal constraction and shift of one of the most remarkable of the landscape 
processes in the Great Plain is observed. Our calculations show about 85 per cent 
loss in this category of landscape factors and it means that over about 85 per cent 
of the most rapidly subsiding areas of the Great Plain, the lowering of the surface at 
relatively high rate is essentially uncompensated for by any process. These dangerous 
symptom groups and their consequences will be tackled in detail later. 
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2. In the areas of fluvial accumulation of low to medium intensity there is no 
fluvial sedimentation and, therefore, these categories of landscape genesis could not 
be represented in their areal distribution in Fig. 2. It is evident that in areas described 
as having fluvial accumulation of low to medium intensity in Fig. / , subsidence also 
takes place, altough at a much slower rate than in regions mentioned at point 1. 
3. New areas have become affected by fluvial and partly by lacustrine 
accumulation of high intensity in the reservoirs dammed up artificially. In some of 
them filling is so rapid that they lose much or all of their storage capacity by siltation 
within a relatively short period of time unless the process is efficiently reduced by 
labour and cost intensive channel or lake bottom dredging. 
4. The areas which were formerly characterized by active eolian accumulation 
and reworking have been considerably reduced in extension or even disappeared in 
the Great Plain which is due to forestry and agriculture (vine plantation etc.) where 
surface stabilization is included in the plans. This change in landscape evolution is 
obviously assessed as a favourable trend for society in perspective. In some regions, 
first of all in the Danube and Tisza Interfluve and in the Nyírség, potential or actual 
deflation still has to be taken into account. 
5. The extension of lowland, areas formerly affected by lacustrine and paludal 
accumulation has remarkably been reduced in Hungary and it is further decreased 
by the contraction of open water surfaces accompanying the process eutrophication 
in decaying natural (and artificial) lakes. The evaluation of the process from an 
economic viewpoint is only feasible through the confrontation of the sometimes 
considerably opposing requirements of various sectors (fishery, agriculture and 
tourism and so on) of the national economy. 
6. In the sections of the Great Plain where the dynamics of accumulation is of 
low to medium intensity during the Quaternary in Fig. / , today areas with interrupted 
deposition are typical and extended where there is no accumulation in our days, 
almost exclusively as a consequence of the flood control measures implemented (Fig. 
2). In these spots the lowering of the surface continues and this initially promotes 
the rise of groundwater table and subsequently involves the spread of excess water. 
7. The extension of areas described by erosion or deflation have locally decreased 
considerably (e.g. in the sandy portions of the Danube-Tisza Interfluve, in the 
surroundings of the Gödöllő Hills or in some zones of the Nyírség sandy region). 
These phenomena may also have anthropogenic reasons well interpreted from place 
to place. Generally, however, these not too significant changes in the landscape can 
be controlled by planning in the Great Plain. 
If the message contained in the above check-list is further analyzed, a more 
detailed investigation has to concentrate first of all on the major areal restriction 
of fluvial activity in the landscape. 
Measuring the areas of intensive Quaternary subsidence in the Great Plain, at 
least 20,000 km2 is found for the extension of the geosynclinal zones where the 
Quaternary sedimentation reached the thickness of minimum 300 m. Of the same 
area are those parts with 150 m average thickness of Quaternary series. The areas 
of Quaternary series of small (20 50 m) thickness are not considered here. 
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It is to be noticed that the values are cautious estimates and rather underesti-
mates and Hungarian geological and deep borehole data would justify their rise 
even by 50 to 80 per cent. Although our caution may be exaggerated, we insist on 
the above figures and even in this case striking data are given for the amount of 
Quaternary sediment in the area of the Great Plain. The results of the calculations 
are the following: in about 40,000 km2 of the macroregion 9xl01 2 m3 (9,000 km3) 
sediments were deposited during the last two million years. It means 4.5 million m 3 
sediment per year, which is a high figure. 
The thought cannot be avoided, however, that river regulations and flood 
control measures have proved ineffective from the viewpoint of erosion dynamics 
in the mountainous watersheds of Hungarian rivers. It means that the rivers reaching 
the Great Plain continue to transport the same load per unit time to the lowland 
and the sediment is mostly deposited where it can, on the active flood-plain. The 
lowland actiy'e flood-plains of the major Hungarian streams, however, are of about 
400 km2 total area only. 
Thus, if the/load of the rivers deposited according to the ratios in the Quaternary, 
the above estimated 4.5 million m3 of sediment would be deposited in the highly 
restricted active flood-plain, it would mean an annual 11.25 mm thickness of new 
sediment on the average. These overbank sediments, however, never accumulate in 
layers of even thickness over the whole surface of the active flood-plain, but are 
concentrated in particular sites. This is the danger inherent in them as in some 
sections these sediments may considerably reduce the discharge capacity of the 
channel. Consequently, levees have to be raised constantly to the point when the 
river itself flows along the axis of a somewhat elevated ridge enclosed between dikes. 
Along some Great Plain reaches of the Hungarian Danube valley the bottom of the 
flood-plain enclosed within the system of levees lies 3-4 m above the terrain outside 
the dikes and, as a result of recent alluviation, it naturally continues to rise. 
According to the report of the River Hydrology Department Institute of Hydro-
graphy for 1983, along the Kisköre southern national border of the Tisza river, the 
bank zone has been raised an average 30 cm during the last six years, in spite of 
the deposition of the majority of solid load in the enormous main basin of the 
Kisköre reservoir and, thus, the downstream section is highly relieved of load. Sooner 
or later, the Great Plain stretches of Hungarian rivers will share the fate of the river 
Po, the channel of which, as it is well known, has reached the level of church spires 
at Ferrara. 
The situation is more favourable, as a matter of course, than the calculated for 
the siltation between the levees. The surges restricted within dikes have much shorter 
residence times than before flood control measures when during major floods peak 
discharges caused the inundation of more than 25 per cent of the area of Hungary 
(24,000 km2) and the waters, which at last became stagnant, deposited all of their 
sediment load. As a result of the present shorter residence time, the depositing part 
of sediment is at least 20 per cent less today than before the regulations. 
Nevertheless, it is still observed that siltation is too rapid within the levees. 
After major flood peaks several cm or dozens of cm thick silt layers are left behind 
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since, as it has been mentioned, siltation is commonly concentrated, i.e. silt veneers 
of uneven thickness result in the active flood-plain. As a result of this process, along 
most of their reaches, active flood-plains are elevated even today, the youngest 
alluvial flood-plain sections lie higher than the older ones. This phenomenon is 
unnatural and reflects the recent inversion of accumulation levels. All these are 
adverse influences for us since the cross-sections of the active flood-plain designed 
to let floods through are reduced time after time and flood hazard gradually increases 
and, if the process is not blocked, it can be delayed only by considerable dredging 
and raising the dikes. 
The above are supported by measurements in Romania. The average figure for 
specific erosion on the watersheds of the left-hand tributaries of the Tisza is 1 t per 
hectare per year, i.e. runoff removes an annual amount of 40 m3 soil and rock waste 
from each square km of the watershed (calculating with 2.5 sediment density) and 
the material is transported to Hungary. The total catchment area of left-hand 
tributaries is 61,890 km2 and considering this partial watershed 2,475,600 m 3 
sediment arrives to Hungary annually. 
As a matter of course, in the dynamics of the accumulation of alluvial fans and 
flood-plain deposits, not only human influences (flood control) and not only the 
alternation periods of relative accumulation and erosion reflecting the movements 
of the geosyncline basement are manifested. Besides these important determinants, 
the varying amount of relative sediment load of rivers was always a decisive qualitative 
and quantitative control. This relative load varied with the denudation (sheetwash 
erosion and soil erosion) rate and efficiency modifying with time. This factor of load 
regulation (sometimes delimiting cycles of sedimentation and the periods of erosion 
alternating with them) is well known in the Hungarian literature from the terrace 
studies of BULLA, B . and PECSI, M . , also for the Great Plain. 
It is first of all climatic change that induces the major alterations of proportions 
in the sediment transport of rivers during the last millions of years. The capacity of 
rivers to transport sediment is controlled by the properties of weathering (highly 
susceptible to climate), mass movements and changes in precipitation intensity, 
modifications in evaporation and temperature as well as the vegetation cover of the 
catchment closely related to all these factors. Broad limits are thus defined and the 
stream may erode its channel in one period and cut into its bed deposits and, along 
the same reaches, may silt up its channel in another period — depending on climatic 
properties. The balance of sediment transport of a stream may shift from the 'upper 
reaches' type to the 'lower reaches' type or be transformed in the opposite direction 
— induced purely by climatic change. This was the reason why BULLA, B . interpreted 
the present face of the Great Plain as a polygenetic macroregion which is „the result 
of the Pliocene, Pleistocene and Holocene tectonic movements, Upper Pliocene and 
Pleistocene fluvial erosion and accumulation (spreading alluvial fans), Pleistocene 
alluvial fan accumulation and solifluction (cryturbation), Pleistocene deflation and 
loess accumulation, interstadial and interglacial linear and areal (sheetwash) erosion 
and accumulation, postglacial loess accumulation, erosion and deflation as well as 
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recent weathering, mass movements on slopes, fluvial erosion and accumulation 
which alternated, supported or counteracted each other's effect." 
All this diversity in geomorphic evolution became manifested in the face of the 
Great Plain only long periods of time. Of the factors tackled a single system of 
interactions must be emphasized and it is so rapid that during some decades of the 
Holocene has produced very unfavourable consequences. It is the subsidence of the 
surface which became uncompensated for in the Great Hungarian Plain. In the 
following some practical dangers resulting from this subsidence are dealt with in 
more detail. 
Trends of groundwater conditions in the Great Hungarian Plain today 
My results unambiguously support the findings of hydrogeologists (RÓNAI, A. , 
SOMOGYI, S . , URBANCSEK, J . and others) that the flood control measures, river 
regulations and the establishment of irrigation canals as well as landscape 
transformations associated with urbanization, new agricultural technologies and 
extended infrastructure have not only led to the large-scale alteration of the surficial 
drainage network, but heavily influenced the quantitative, qualitative and hydraulic 
properties of subsurface waters. In short, landscape reorganizations resulted in new 
hydrogeological conditions in the near-surface layers of the Great Plain and this 
transformation is even accelerating today. 
In the substitution of the former groundwater conditions with new ones, the 
following ways of human intervention have been (and still are) of decisive 
importance: 
a. Shortening the lengths of streams and the related overdeepening of mean 
water channels. 
b. Increasing flood levels in the amphibiotic flood-plain zones. 
c. Elimination of the waterlogging which had affected large areas before the 
flood control works. 
d. Drainage of former natural swamps and marshes by canals. 
e. Increasing utilization of groundwater in many places. 
/ . Establishment of dammed reservoirs of raised water table and other artificial 
lakes. 
g. Construction of irrigation canals in the Great Plain and the general spreading 
of cultivation with irrigation. 
h. Substitution of natural plant associations with different, mostly agricultural 
crops. 
i. Transformation of soil structure by cultivation techniques of various 
efficiency: partly mechanical techniques (soil loosening and compaction, deep 
ploughing etc.) and partly chemical interventions (fertilizers, herbicides, pesticides, 
etc.) belong here. 
j. Increasing losses of soil surfaces as a result of urban sprawl and developing 
transport network (concrete surfaces, built-up areas, public roads etc.). 
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k. Last but not least, the landscape ecologial alterations in the watersheds induce 
changes in the regime of streams. 
Unfortunately we are not as yet in the position to determine the validity 
mechanism and magnitude of each of the mentioned factors controlling groundwater, 
since we are only able to outline the cumulative result of the multifarious effects 
exerted parallel to each other. Therefore, we can only undertake the general impacts 
of groundwater control due to the complex operation of various agents or notice the 
decisive role of one factor or another within a partial unit of the area investigated. 
It is not to be ignored, however, that in water budget of soils and also in the chemical 
properties of groundwater, progressive and regressive processes may operate 
simultaneously and they often counterbalance each other. 
Below, the present controls of groundwater conditions in the Great Plain are 
investigated in detail. 
The shortening of river channels by cut-offs has exerted a considerable influence 
on the fall of groundwater table even in the broader environments of rivers. The 
relationship is explained by the increased slope of the river bed which resulted from 
the shortened channel. The Tisza river, for instance, was 1211 km long in the reaches 
affected by the regulations and it shortened 453 km during the regulations and it is 
only 758 km today (38 per cent shortening of the lowland section!). Consequently, 
general slope grew almost twofold (3.7 cm per km before and 6 cm per km after 
the regulations). 
It is the same situation with the main tributaries of the Tisza. The 187 km long 
regulated section of the Szamos river contracted into 108 km and the Hungarian 
section of the Bodrog river from 76 km to 56 km. The shortening of the channel 
was the highest in proportion in the case of the Berettyó river, 269 km of this river 
was regulated and, as a result, its length was reduced to 91 km. The same figures 
for the White Körös: from 126 km to 67 km, for the Black Körös: from 166 km 
to 90 km and for the Swift Körös: from 162 km to 86 km. Thus, the slopes of these 
rivers grew. 
As a natural consequence of the rise in slope, the channels of these rivers 
deepened and low water levels considerably fell. This resulted in the fall of 
groundwater table during periods of low water (adjusted to the axis of depression 
along the streams) and this induced the increased flow of the adjacent groundwater 
towards the channel. Groundwater table in the affected zones fell and this brought 
about the appearance of symptoms of drought in the river-bank zones, since low 
water dominates during most of the year. It is manifested in the decay of riverside 
forests and the change of microclimates in flood-plains towards the continental type. 
Consequently, channel downcutting after the river regulations and the construc-
tion of canal networks lowered groundwater table over a large part of the Great 
Plain and, thus, the area of agricultural land with drought requiring irrigation has 
increased. It was partly due to this fact, too, that 
a. leaching intensified in the soils of the Great Plain, as from the top horizons 
precious nutrients are removed into the deeper horizons and 
b. the inclination to alkalization grew, as by irrigation the cultivated areas are 
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supplied with some non-desirable dissolved salts through the canals. The water in 
the reservoirs, cut-off channels and main drainage canals most heavily exploited for 
irrigation becomes concentrated and water quality may deteriorate, particularly 
during the summer, when, in the principal season of irrigation, evaporation and 
dissolution of salts are intensive. Then the ratio of dissolved calcium and magnesium 
salts to sodium may shift in an unfavourable direction from the viewpoint of 
irrigation. In our living waters this ratio is around 3 to 1, while the water of the 
Hortobágy-Berettyó and other large drainage canals and reservoirs have ratios of 
1 to 1 or even worse. In these circumstances irrigation water has an alkalizing effect. 
The remarkable rise of flood levels in the seasonally wet flood-plains has, as a 
matter of course, an opposite influence on the groundwater budget of flood-free 
plains. The raised water levels between the dikes are well above the soil surface 
today and, thus, the highly increased hydrostatic pressure of overbank discharge 
reverses the direction of groundwater flow and, particularly in near-surface layers 
of coarse deposits, a rapid spread of groundwater results. All these, of course, raise 
the groundwater table and may lead to excess water formation, which has been a 
severe problem in water management and agriculture for a long time (waterlogging 
of soils, drowning of roots etc.). 
The message can be summarized as the beds of the Great Plain rivers are 
followed in some km width by a zone of high range of groundwater and its 
characteristic fluctuations of water table are controlled by the regime of the rivers 
to a decisive degree. The zone has a width of 4-8 km and even more in places. 
The width of the zone of groundwater subsidence partly reflects the water 
conductivity of the sediments at shallow depths along the river channels and also 
the fact that lateral groundwater recharge is not entirely controlled by the channel, 
but locally groundwater flow of extended surface area also exists in the alluvial fans 
and the peaks of this latter flow follow the high waters of the river with a considerable 
delay and in the actual water levels here the interferences of the different phases are 
also manifested. 
The elimination of waterlogging in extended areas (flood-plains before the 
regulations) and the drainage of former swamps and marshes by canals have both 
resulted in the fall of groundwater tables in the areas affected. These hydrological 
regulations had far-reaching hydrogeological consequences as before the start of 
flood control works, waters left over by floods covered about 3,988,000 cadastral 
acres of land almost permanently. Another 2,737,000 cadastral acre is to be added 
to this figure since it was seasonally inundated. It means that about 24 per cent of 
the area of Lowland Hungary below 200 m above sea level was flooded permanently 
or seasonally. 
One of the main reasons for wide-spread waterlogging was the divertion of 
streams of gentle slope and low current velocity by even the smallest obstacles and, 
consequently, they often changed their courses. The rivers entering the Great Plain 
from the mountains deposited vast amounts of sediment and on these alluvial fans 
of loose material streams easily eroded new channels — more and more by-channels 
resulted. During overbank flow the sinuous rivers deposited their load mostly along 
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their banks and built up low ridges (first point bars which were later transformed 
into riverbank dunes) and these ridges blocked the flow of excess waters back to 
the living channel from the lower and more remote parts of the flood-plain. 
Another factor promoting the subsidence of groundwater table today^is the 
increasing utilization of groundwater. Particularly in portions of the Great Plain (in 
the settlements) which are long distances away from streams and even canal networks 
are not adequate to supply them with water, more and more water is pumped both 
from near-surface aquifers and from deeper lying strata. This increassing exploitation 
of aquifers leads to the permanent decrease of static water reserves in aquifers and 
groundwater more easily recharged are sinking and centripetally flow towards the 
centres of extraction, 
Centripetal flow itself is no reason for worrying. However, in many places it 
involves the concentration of groundwater contamination originating from remote 
agricultural regions in the foci of extraction and the rapid deterioration of water 
quality in the urbanizing areas. At the same time, in the direct vicinity of some 
Great Plain (and particularly Trans-Tisza) settlements tendencies of excess water 
expansion have intensified as a consequence of the fact that the establishment of 
drinking water conduit network was not accompanied by the construction of sewage 
canals and the waste water deriving from the increased water consumption cannot 
be disposed of in the villages. A similar situation arises with the water issuing from 
thermal water wells; it has been accumulated by now in extended excess water lakes 
in some places such as in the area of the Termál Cooperative Farm in Szentes. 
The establishment of dammed reservoirs of raised water level and other artificial 
lakes may also have a positive effect on the water budget of soils. The primary agent 
here is the influence of the increased and permanent pressure of water column 
inducing infiltration which, however, after a while (especially in the case of shallow 
and silty Great Plain lakes) leads to the decline of percolation at the lake bottom, 
since organic and colloidal products may seal the pore spaces of the topsoil and, 
thus, an impermeable layer may result at the lake bottom. Some bioecological 
properties may decelerate this process and others may accelerate it. There are 
considerable differences, however, in the rises of groundwater table observed after 
the damming of the Kisköre reservoir and the Hortobágy fish-ponds; it results from 
the lithological properties of the subsoil. It appears that the reservoirs which include 
sections of the recent river channels are more efficient in raising the groundwater 
table than the reservoirs built on the alluvial flats of older flood-plains. 
The supply of the Great Plain with an irrigation canal network and the general 
spreading of cultivation with irrigation naturally does not only improve the water 
budget of the fertile layer, but a good proportion of the irrigation water, particularly 
in soils on sand or loess, reaches the deeper soil horizons and becomes the factor 
of local groundwater rise. This influence will be the prominent source of groundwater 
recharge on higher-lying terrains of the Great Plain where conditions are not 
favourable for seasonal waterlogging and where the original water table was low too. 
In a morphogenetic sense, particularly in the margin of the Great Plain, on the 
alluvial fans of the Körös and the Maros rivers, the sandy series point to channel 
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deposits or the related flood-plain deposits (point bars), although they may also 
indicate asynchronity in the genesis of sediments associated with different climatic 
(precipitation) conditions. Further information is needed to decide definitely whether 
the axes of concentrated infiltration also increased by irrigation water coincide with 
the foci of centrifugal groundwater flow. 
The substitution of natural vegetation with various plants, mostly with agricultural 
crops are also factors inducing remarkable changes in groundwater conditions. The 
whole Great Plain belongs, in a cenological plant geographical sense, to the belt of 
steppes with groves and it was covered mostly by forests and meadows before the 
advent of regular crop cultivation. Human intervention turned them into cultivated 
steppes and even where the surface was not used for purposes of intensive farming 
or gardening, natural vegetation has undergone major transformations. In such 
places loess steppes, forests on sands and flood-plains as well as the meadows of 
sand and loess surfaces, in the places of the previously extended marshlands and 
swamps, wet meadows with Molinia coerulea, reed-beds, high sedge stands or 
swampy meadows are found. The area of alkali steppes has also grown as a result 
of the wide-spread drainage works. 
Today the natural vegetation of the Great Plain is characterized by the 
predominance of deciduous tree species which favour light, are tolerant to extreme 
temperatures and of medium water need and locally euryhaline species also occur. 
In the cultivated vegetation arable land and row crops as well as orchards and 
gardens are typical. In addition, semicultivated grasslands are of large areal 
extension. 
The substitution of the natural vegetation with plants more valuable for the 
^society, as a matter of course, involved rapid changes in the quality of soils and 
their water budget in the Great Plain. The most minute studies of this process in 
Hungary were written by STEFANOVITS, P . , SZABOLCS, I . and SOMOGYI, S . In their 
opinion the spreading of cultivated steppes began as early as the Middle Ages with 
the removal of marginal forests and their cultivation. In those zones typical brown 
forest soils were preponderant. The clearing of forests and the farming of land 
induced changes in microclimate and the heat and water budgets of soils which 
became manifested in the elimination of the forest soil character and the intensifi-
cation of chernozem dynamics. 
Due to the effect of the large scale flood control measures and river regulations 
in the last century chernozem dynamics gained in power, since groundwater table 
remarkably subsided at the higher levels of flood-plains. Rapidly spreading farming 
transformed meadow and boggy soils and most of the raw alluvial soils into meadow 
chernozems of transitional type, and, thus, it added to the area of older chernozems. 
In spots of still high groundwater rich in concentrated dissolved salts, various types 
of alkali soils formed and were preserved in the depressions without drainage. 
Finally, part of the former permanently waterlogged surfaces retained their high 
groundwater table even after the drainage measures. Thus, a new distribution of 
meadow soils resulted with the more or less serious hazard of alkalization. 
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The transformation of soil structure through cultivation methods of differenct 
efficiency has become another major control of groundwater budget in the Great 
Plain. The infiltration capacity of any Grean Plain soil types is highly dependent 
on the degree of compaction of the soil surface and the depth of clay illuviation 
horizons below the surface. 
The cultivation methods including the various techniques of ploughing and 
other soil loosening exert a regulating effect on water budget and increase the water 
retention capacity of the fertile layer which promotes, in most of the cases, the rise 
of groundwater tablé. Nevertheless, there are technologies such as the compaction 
of the base of the ploughed horizon which hinder the recharge of water into the 
deeper horizons from above, since these compact layers almost insulate the 
uppermost ploughed horizon at its base. As a matter of course, much depends on 
precipitation and evaporation too. 
The use of fertilizers and other chemicals in the various branches of agriculture 
also influence the long-term infiltration capacity of soils and, even to a greater 
extent, the chemical properties of groundwater through incidental loading. Our 
investigations allow the conclusion that in some smaller groundwater districts the 
percolation of sewage from the oil industry may also modify the sodium and chloride 
ion concentrations of groundwater. The growth of chloride content in groundwater, 
particularly for coarse sands of high permeability, is observed as much as some km 
away in the direction of flow from the site of pollution. The growth of NaCL in 
groundwater as we observed it was not harmful to water quality in any case, since 
this is not a dangerous chemical and given the large-scale dilution, this may only 
be a theoretical issue. In contrast, the local anomalies resulting from chemical 
techniques are much more marked in agricultural areas. 
The next governing factor of groundwater table, which is gaining in importance 
today, is the loss of free soil surfaces caused by urban sprawl and the construction of 
up-to-date transport networks. This characteristic group of symptoms of civilisation 
has a net effect of the restriction of former natural paths for groundwater recharge 
and leads to 'ebbing groundwater. The influences are the following: built-up areas, 
spreading concrete and asphalt surfaces, public roads with insulating pavements and 
so forth. They are spreading in area and the sealed surfaces do not allow any 
infiltration. Precipitation onto these 'human' surfaces partly evaporates and mostly 
feed runoff along artificial canals and reach the living streams, i.e. they are lost from 
the viewpoint of the groundwater budget in the area. 
The tendency of groundwater reduction in the settlements is increased by the 
great demands of water the considerable proportion of which, especially in rural 
areas, is satisfied from the local reserves of groundwater in most parts of the 
Trans-Tisza region. 
Last but not least, some changes in stream regimes induced by the landscape 
ecological transformations on the mountain watersheds have also began to influence 
the new groundwater properties to a considerable extent. Particularly the tendencies 
of more intensive utilization manifested in the pattern of vegetation and soil 
cultivation such as canalization, channel regulation and cultivation changes along the 
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upper sections of streams, in their cumulative effect substantially increased the runoff 
ratios of rainfalls of continental type. After the clearing of natural forests and, 
especially of deciduous forests, infiltration and evaporation on slopes was reduced 
to a fraction of their original values and this remarkably increased the peak 
discharges and also the annual mean discharges of streams recharged from these 
areas. This involves that streams of higher discharge provide more groundwater in 
the layers stretching along the river channels, particularly in the area of the extended 
alluvial fan series in the margin of the Great Plain. For this reason, from the direction 
of the alluvial fans the centrifugal flow of groundwater increases towards the more 
remote parts of the Great Plain, although it is undoubted that this effect is shown 
in the rise of groundwater table with a considerable, sometimes even a year's, delay. 
This delay is a natural consequence of the slow motion of groundwater, which flows 
in aquifers over a table of little convexity and it is also clear evidence of lateral 
throughflow replenished from the stream channels and flood-plains. 
Through an indirect feedback the siltation of seasonally wet flood-plains may 
also result in the rise of groundwater. This siltation reduces the planned bankfull 
cross-sections of flood-plains year by year. The reduction of the cross-section and 
the necessary raising of dikes increases flood levels and, thus, leads to a greater 
infiltration inducing hydrostatic pressure. 
After the overwiew and interpretation of the major recent controls of the 
properties, flow dynamics and chemical composition of groundwater in the Great 
Plain (some increasing and some reducing groundwater reserves), it has to be 
repeated that today we are yet unable to determine the proportions the individual 
factors are responsible to the cumulative outcome of influences. The complex end 
products of the cumulative partial factors manifested as a tendency can be observed. 
The most important of them are the following: 
1. Over the largest part of the Trans-Tisza region a slow rise of groundwater 
table have been observed for about 30 years. This rise, however, cannot be associated 
with mean annual precipitation since the change of this latter does not have a net 
rising trend. 
2. At some groundwater gauges of the VITUKI (Research Institute for Water 
Management) to the mean regional rise of groundwater remarkable surplus rises 
have been added since the mid-1960s. The 'added values' are observed in all seasons 
alike, but they do not reflect local mean precipitation. 
The general rise of groundwater, in our opinion, reflects the joint impact of the 
following major factors: 
a. the surface subsidence observed over practically all of the Great Plain; 
h. the influence of the seasonal sedimentation by streams on their flood-plains; 
c. the trend of increasing total discharges and flood levels of streams; 
d. the areal growth of artificial lakes and reservoirs; 
e. the areal expansion of irrigation networks and irrigated lands; 
f . the substitution of natural vegetation with cultivated crops; 
g. the consequences of changing cultivation methods in farming (e.g. the 
increased long-term infiltration coefficient induced by the spread of deep ploughing). 
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It is our hope to promote long-term forecasts and plans for optimal land use 
in the Great Plain with the demonstration of the above systems of interaction, as a 
matter of course, today it is not easy to forecast natural landscape trends, since the 
puriiy' of natural landscape forming agents characteri>tic of their mechanism and 
spreading in prehistoric times does not exists any more. At the end of the 20th 
century no 'untouched' natural landscape is found in ¡he Great Plain that has not 
been aflecied by human intervention, in most of the cases in a very effective way. 
This was the advent of intricate relationships of the factors of landscape evolution 
which is observable in the joint operation of spontaneous natural and accelerated 
human landscape forming influences, their interactions, the upset of the former 
ecological balance of the landscape, and in something entirely new, the enforcement 
of the anthropogenic geographical system, a rational one, which is capable to 
function in the totality of the expanded set of interactions. 
It is regrettable that in the elaboration of the main targets and provincial 
counter-centres of settlement development and industrial allocations, the require-
ments of long-term optimal landscape use often remain unsatisfied. The preservation 
of the original values of air, soils and waters and the conservation viewpoints of no 
longer tolerable landscape ecological chain reactions of more indirect feedback do 
not always have the proper prominence in the plans and this is explained by economic 
reasons or simply by ignorance. It often happens that predictable multifarious 
deformations of the environment caused by the artificial landscape of a man-made 
object, some project are only considered in the short run or with subordinate 
significance. After a while it becomes evident that some deformation of the landscape 
function due to the denaturation of an ecological feedback endangers the further 
development of society or even the attained social standards. It may be too late to 
fight the damage manifested through several indirect relationships in hope of success. 
On such occasions, it is only after completion that the need for more comprehensive 
and long-term geographical or environmental (landscape ecological) forecasting for 
regional development becomes evident. 
The human implications in the increasing extremes of the water regimes of streams in 
the Great Plain 
In addition to the above outlined systems of influences, mention should be 
made of the reasons behind the more and more characteristic extremes of the regimes 
of the Great Plain streams. These extremes are mostly motivated by the rightful 
growth of human requirements against the landscape and the spreading of more 
and more demanding crops. It is a justifiable national intention, for instance, that 
in Romania more and more bread corn should be grown for the people, but our 
troubles in flood control also spring from the same efforts. For the above reasons, 
in the mountain watersheds of Hungarian streams flowing from Romania, the runoff 
coefficient of sudden rainfalls increases abruptly and, as a corollary, the sediment 
load of flood discharges also grows. Let us inspect why? 
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It is called into mind that the regime properties of streams are determined y 
the precipitation on their watersheds. It would be a major mistake, however, to 
equal the amount of precipitation to the discharges of rivers or to postulate a direct 
proportionality of no disturbance between them. In fact precipitation is only one 
among the factors of rivers regime, since numerous other governing factors claim 
their role in different places and periods. 
The catchment of any rivers can be subdivided into a mosaic of partial 
catchments of highly different runoff coefficients. Within the drainage basin of the 
Tisza river there are areas with long-term average runoff figures of less than 2-3 
per cent of the average precipitation of many years, but there are others where as 
much as 40-50 per cent of the precipitation feeds runoff into the river channels. 
During our investigations we studied the annual runoff coefficients of some 
partial watersheds in several years. It was found that the regional runoff coefficient 
data collected in literature can only serve approximate orientation. In the various 
mosaics of the landscape, the runoff coefficient changes with time and even the 
proportions between neighbouring spots may reverse. The reason for this contro-
versial phenomenon is the dependence of runoff coefficient on the cumulative effect 
of a vast number of variables. 
Among the variables the most important are the amount and nature (snow or 
rain) of precipitation, its seasonal distribution, the duration of dry spell between 
consecutive precipitation events, the intensity of rainfall and the interactions of all 
these factors with the changing temperatures and winds and with the actual humidity 
of air. The ratio of frosty to frostless periods, their interferences with periods of 
precipitation and with the date of thaw in various combinations and the indefinite 
variations of correlation between the above factors and vegetation density and the 
varying degree of soil cultivation are all of equally great importance in the 
intraregional differences of the annual runoff coefficient. 
All these temporally variable governing factors combine to produce a twofold 
or threefold higher runoff coefficient in a given site in one year than in another with 
similar total precipitation. For this reason, a really reliable map of runoff coefficient 
could only be drawn if long data series of (50-100) were available for the surfaces 
of each of the minor partial watersheds, but this would naturally be an unsatisfiable 
requirement in the future. 
In the system of the agents which regulate regional runoff coefficient, the group 
of anthropogenic (human) factors is essential and of unidirectional progressivity. 
Therefore, special attention was directed to the landscape forming activity of human 
society in our investigations of the catchment of the Tisza river. Human intervention 
was primarily studied in the feedbacks of influences on the vegetation cover of 
mountain watersheds on runoff magnitudes. 
In our investigations preference was given to watersheds of mountainous relief 
for the reason that this factor is of no remarkable importance in lowland catchments 
of low relief. In the portion of the Great Plain along the Tisza, for instance, where 
annual average precipitation is 600 mm and annual potential evaporation is up to 
700 mm, there is no runoff worth mentioning and the situation would be the same 
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even if the whole of the Great Plain were covered by forests. In the mountainous 
watersheds of the Tisza river, however, particularly in the Northeastern Carpathians 
and in the upland regions of Transsylvania, the amount of precipitation is 10 per 
cent to 50 percent higher than the figure for potential evaporation. The actual 
proportions within the limits are most dependent on the quality of vegetation cover 
and the related soil categories. 
The characteristic hydrological phenomenon of our days, the shift of the types 
of river reaches of lowland rivers towards the types of lower reaches character. Our 
assumption is founded that one of the causes of this annoying symptom present 
along the Hungarian streams to various extent is the landscape transformations of 
the mountainous watersheds, the substitution of the original vegetation which had 
ensured the natural balance of landscape dynamics with crops more valuable for 
society. All these activities of nature transformation, through the human alteration 
of soil structure equivalent in influence to relative relief, mostly lead to large scale 
soil erosion and largely increase the load of streams. Thus, where the streams were 
of middle reaches type (as their capacity equalled the energy necessary for the 
transport of sediment), they tend to deposit, fill their channel, silt up their 
flood-plains and build rapidly accumulating deltas and alluvial fans on their 
confluential or lowland reaches. This is a dangerous phenomenon, partly because 
of the increasing residence time of floods in the streams of slowed-down flow among 
shoals and along by-channels and partly because the cumulative flood discharge 
grows. 
Regrettably, in the plans for regional development a typical feature of our days 
is hardly taken into account: the more and more intensive agricultural utilization 
of originally forested areas considerably increases the runoff coefficient of mountain 
watersheds. This may give rise to a manifold increase of discharge and the absolute 
amount of the removed soil and debris, mostly on the lower river sections lying in 
long distances from the catchments. This topic deserves more attention than it has 
today. 
As it is known, the influence of vegetation on the runoff/evaporation ratio is 
exerted through two channels: 
a. Vegetation (and particularly deciduous tree vegetation) promotes the 
formation of soils of looser structure than those on open surfaces and, in this manner, 
forest associations increase the permeability of soils and reduce their runoff 
coefficient. 
h. On the other hand, however, besides this direct influence, another direct one 
also exists which is the dynamic factor expressed in the resistence of vegetated soils 
against erosion. In forested areas, where litter accumulated of decayed branches and 
leaves, the intertwining of root systems adds to the resistance of the soil surface 
against erosion and also accelerates infiltration and promotes the longer preservation 
of soil moisture. Through these mechanisms it reduces runoff and increases the loss 
of water by evaporation. 
The above factors do not have equal importance all over the drainage basins. 
Jheir influence depends on the density of vegetation, on the closure of foliage, on 
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the depth and maturity of the litter horizon, on the structure or lack of undergrowth 
and also on numerous circumstances not detailed here. Nevertheless, according to 
the experts engaged in the study of this topic, the extent of the runoff regulating 
influence of vegetation as a whole may reach the magnitude of the joint effect of all 
the other factors which govern runoff. 
Suffice it to cite only one example for this. In 1979 in the Mátra Mountains 
we experienced a summer shower of 6 mm 50 per cent of the water of which flowed 
down the barren slope as immediate surficial runoff, while on a slope of similar 
inclination and soils, but covered by contiguous deciduous forest no surficial runoff 
was observed. 
For the above reasons, any human intervention which affects the density of 
flora on the surfaces of mountainous areas is of the utmost importance. It most 
often occurs that natural forests are succeeded by agricultural crops more valuable 
for society. 
In this respect, unfortunately, the trend refers not only to the catchment of the 
Tisza river, but the contraction of forested areas is a world-wide process which 
affects the tropical belt too. It is no surprise that by the 20th century the growth of 
the regional runoff coefficient is general and this is reflected in the ever more frequent 
recurrence of major floods. 
Our measurements in the Cserehát Hills underlined the other observations in 
Hungary according to which in the completely forested catchments of low mountain 
type, 10 per cent loss deciduous forest area involves about another 5 per cent growth 
of the annual runoff coefficient. 
It is unfortunate that the rapid increase of runoff is not evenly distributed over 
the whole of the year. It was observed that in a local watershed of reducing forest 
cover, the more intensive rainfalls are, the higher is the continentality of the runoff 
coefficient. The result is that not only large amounts of water flow in river channels, 
but the range of the river regimes increases: discharge minima reduce in number 
and become more durable, while peak discharges exceeding the previous ones tend 
to be more frequent. As a whole, water regime begins more fluctuating and less 
predictable and to make it more even no other possibility exists than to build new 
barrages and reservoirs and to raise the heigths of levees. 
The increasing frequency of floods of critical water discharge on the Great Plain 
rivers observed during the last decade or two is not the consequence of an increasingly 
humid climate but results mainly from the changes in cultivation in the mountain 
watersheds (particularly in the mountains of Romania). 
The question is justified by the above: do we have to receive all the outlined 
consequences with acquiescence or can we do anything against the adverse tendencies 
and how? We are convinced that there are efficient methods to avoid the increase 
of troubles. Among them the more effective and coordinated international cooper-
ation in land use may belong in many cases. First of all, however, with knowledge 
of the disclosed trends of landscape evolution, regulatory systems of landscape 
ecology which are capable to ensure the coordination of accelerated social progress 
and landscape utilization into a new balance with the natural forces should be 
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elaborated. An opportunity sounds obvious: to establish barrages on the uppermost 
Hungarian sections of the rivers with dammed reservoirs of proper size to retain 
sediment equal to at least 100-150 year fluvial load. As it is known, intermediate 
lakes deprive any stream from its sediment load. 
The reservoirs of sedimentation proposed to be built in the vicinity of the 
national border, however, do not only avoid the siltation of the active flood-plains 
of the rivers, but would multiply the life-time and functioning period of reservoirs 
of other purposes along the lower reaches of the rivers (e.g. the Kisköre, the 
Nagymaros and the Csongrád lakes — partly completed and partly proposed). It 
would highly improve the amortization calculations of the reservoirs themselves and 
their additional investments as well as the connected irrigation network and power 
plants too. It is an urgent task, since in the Kisköre reservoir, for instance, dozens 
of centimetres of silt layers are observed in some sections and there are points where 
the silt accumulation reaches the figure of 3-4 m per year (!) and, consequently, 
permanent silt extraction is necessary. 
For these reasons, it has to be decided in the stage of preliminary planning or 
even during the conception of the project whether a reservoir is to be built or a trap 
for sediment, which would turn into a swamp in the future. In the perspective the 
two functions are impossible to reconcile in any establishments in Hungary, where 
streams have transported vast amounts of debris and soil derivates from the 
mountain watersheds to the lowland stream sections. Our investigations have 
proved: this activity can only increase in our days, since it is a corollary of the 
natural process of social progress and of the grow rightful demands against nature. 
In conclusion, enormous efforts were made in the Great Plain to overcome 
rivers, to drain swamps and marshlands, to build irrigation systems and to plough 
land and nature was faced, in this way the geographical conditions of economic 
welfare and cultural growth were ensured for the millions of people who live here. 
The transformation of the natural environment, however, is not yet completed in 
the Great Plain. It perhaps will not ever stop. Since new responses are received from 
nature to the disturbance of the million year geographical trends and balances of 
inexhaustable and renewable landscape energies. The battle initiated by Man, who 
was successful in the first attack keeps on with nature and some encounters may 
turn out less favourable for us. The victories achieved so far in the reformation and 
'domestication' of landscape energies are, consequently, hardly sufficient to found 
the faith of safety that our landscape already serves the winner with all of its energies. 
References 
ARANY, S. (1953): Adalék a tiszai hullámterek talajviszonyainak megismeréséhez. — Az Erdő, pp. 19-41. 
BENDEFFY, L. (1958): Szintezési munkálatok Magyarországon. — Akad. Kiadó, Bp. p. 736. 
BENDEFFY, L. (1964): Geokinetic and crustal structure conditions of Hungary as recorded by repeated 
precision levelings.— Acta Geol. Acad. Sci. Hung. pp. 395-411. 
BOGÁRDI, J . (1949): Lebegtetett hordalékmozgás a Tisza Záhony-rázompusztai szakaszán. — Vizügyi 
Közi. XXXI. évf. 3-4. sz. pp. 143-188. 
Transformation of the Physical Environment 
II 
BOGÁRDI. J (1954): Hordalekmeréseink eddigi eredményei. — Vizügyi Közi. 2. füzet pp. 204-228. 
BORSY, Z . (1954): Geomorfológiai vizsgálatok a Bereg-Szatmári-sikságon. — Földr. Ért. III. évf. 2. füzet, 
pp. 270-280. 
BORSY, Z . (1961): A Nyírség természeti földrajza. - Akad. Kiadó, Bp.p. 222. 
BORSY, Z . — MOLNÁR B. — SOMOGYI S . : (1969): Az alluviális medencesíkságok morfológia i 
fejlődéstörténete Magyarországon. — Földr. Közi. XVII. (XCIII.) köt. 3. pp. 237-254. 
BULLA, B. (1953): Az Alföld felszínének kialakulása. — Alföldi kongr. — MTA Müsz. Tud. Oszt. Közi. 
pp. 59-69. 
BULLA, B. (1956): A magyar föld domborzata fejlődésének ritmusai az újharmadkor óta a korszerű 
geomorfológiai szemlélet megvilágításában. MTA Társ. Tud. Oszt. Közi. VII. 4. pp. 281-296. 
BULLA, B. (¡962): Magyarország természeti földrajza. Tankönyvkiadó, Bp. pp. 1-424. 
CHOLNOKY, J . (1896): Az árvizek előrejelzéséről. — Földr. Közi. XXIV. köt. pp. 97-109. 
CHOLNOKY, J . (1910): Az Alföld felszíne. Földrajzi Közlem. 
CSIKY, G . (1963): A Duna-Tisza köze mélyszerkezeti és ősföldrajzi viszonyai a szénhidrogénkutatások 
tükrében. — Földr. Közi. XI. (LXXXVII.) köt. 1. sz. pp. 19-35. 
CSOMA, J . — DOHNALIK, J . (1963): A tiszalöki duzzasztott folyószakasz hordalék — és mederanyag 
viszonyainak hatása a mederalakulásra. — VITUKI 1960. évi beszámoló pp. 202-216. 
EGYED, L. (1957): Vízfolyások, morfológia és tektonika kapcsolata. — Földt. Közi. LXXXVII. köt. 1. 
füzet, pp. 69-72. 
PACSINAI, L . — TOLMÁR, G Y . — VARGA. I . ( 1 9 6 5 ) : D é l - T i s z á n t ú l g e o l ó g i a i - g e o f i z i k a i e l e m z é s e . — 
Földi. Kut. III. évf. 3. sz. pp. 23-30. 
GAÁI.. E. (1957): A tiszántúli tározók. - Vizga/d. Müsz. Szle. pp. 42-46. 
HAJOSY, F . (1954): Adatok a Tisza VÍZL;> üjtójének csapadékviszonyaihoz. - - OMI kisebb kiadv. 29. sz. 
p. i 12. 
HEGYFOKY, K . (1902): Folyóink vízállása és a csapadék. — Mat. és Term. Tud. Közi. 27. köt. 1. sz. pp 
3 - 1 0 2 . 
IHRIG, D . (1952): Folyóink hullámterének vízjárása, hordalékmozgása és szabályozása. — Erd. Tud. 
Kézikönyvtár, Bp. 5-6. sz. pp. 3-19. 
JAKUCS, L . — ANIX"). M . — MEZŐSI. G . (1980): A magyaro r szág i t á j ak alföldi k ö r n y e z e t ö k o l ó g i á j á n a k 
valiozáíi trendjei. Kézirat, p. 2! 1. 
JAKCCS, L. (1982): Az árvizek gyakoriságának okai és annak tényezői a Tisza vízrendszerében. Földr. 
Közi. 1982. 3. pp. 212-235. 
JAKUCS, P. (1962): A domborzat és a növényzet kapcsolatáról. — Földr. Ért. Xl.évf. 2. füzet, pp. 203-217. 
JASKÓ, S. (1947): Lepusztulás és üledékfelhalmozódás Magyarországon a kainozoikumban. — Földt. 
Közi. 77. pp. 26-36. 
KATONA, I . (1950): Mértékadó árvízszintek alakulása a Tiszán. — Hidr. Közi. XXIX. évf. 9-10. sz. pp. 
264-274. 
KÁDÁR, L. (1960): Az Alföld felszínének kialakulásáról. Elnöki megnyitó a M F T Gyulai Vándorgyűlésén. 
— Földr. Közi. VIII. (LXXXIV.) köt. I. sz. pp. 3-10. 
KÁROLYI, Z . (1960): A Tisza mederváltozásai (különös tekintettel az árvízvédelemre). — Vízgazdálkodási 
Tud. Kut. Int. Tanulmányok és Kutatási Eredmények 8. Bp. p. 102. 
KÉRI, M . — KULIN, I. (1953): A csapadékösszegek gyakorisága Magyarországon. — Orsz. Meteorológiai 
Int. hivatalos kiadványai. XVI. Bp. p. 249. 
LÁNG, S. (1938): Folyóterasztanulmányok, Földt. Közi. 
LÁNG, S. (1960): A Délkelet-Alföld felszine, Földr. Közlem. 
LÁNG. S . (1966): A víz szerepéről hazánk természeti földrajzi környezetében. — Földr. Közi. XIV. (XV.) 
köt. pp. 1-29. 
LÁSZLÓFFY, W. (1932): A párolgás nagyságának megállapítása. — Időjárás. 36. évf. p. 177. 
LÁSZLÓFFY, W . (1932): A Tisza-völgy. — Vízügyi Közi . 2. pp . 108-142. 
LÁSZLÓFFY, W. (1954): A fajlagos lefolyás sokévi átlaga Magyarországon. — Vízügyi Közi. 1. f. pp. 
147-156. 
MEZŐSI, J . — DONÁTH, É. (1954): A Tisza és Maros oldott és lebegtetett anyagának vizsgálata. — Hidr. 
Közi. XXXIV. évf.3-4. sz. pp. 140-148. 
24 L. Jakucs 
MIHÁLTZ, I . (1938): A Tisza lebegő és oldott hordaléka Szegednél. — Hidr. Közi. XVIII. évf. pp. 446-458. 
MIHÁLTZ, I . (1967): A Dél-Alföld felszínközeli rétegeinek földtana. — Földt. Közi. XCVII. köt. 3. f. 
pp. 294-307. 
MOLNÁR, B. (196S): Adatok a Duna-Tisza köze fiatal harmadidőszaki és negyedkori rétegeinek 
tagolásához és származásához nehézásvány-összetétel alapján. Földt. Közi. XCV. köt. 2.f. pp. 
217-225. 
MOLNÁR, B. (1966): Lehordási területek és irányok változásai a Dél-Tiszántúlon a pliocénban és a 
pleisztocénben. — Hidr. Közi. XLVI. évf. 3. sz pp. 121-127. 
PÉCSI, M . (1950): Völgyfejlődéstörténeti és teraszmorfológiai megfigyelések a Dunavölgy bal part ján 
Budapest és Baja között. — Hidr. Közi. 
PÉCSI, M . (1957): A magyarországi Duna-teraszok párhuzamosítása a Bécs környéki és a vaskapui 
teraszokkal. Földr. Közi. 
PÉCSI, M . (1959): A magyarországi Duna-völgy kialakulása és felszínalaktana. — Akad. Kiadó, Bp. 
p.346. 
PÉCZELY, G Y . (1962): A 80 mm-t meghaladó csapadék gyakorisága Magyarország területén. — Időjárás. 
66. évf. 4. szám pp. 197-204. 
RÁTÓTI. B. (1964): Néhány adat a folyók meder menti természetes felmagasításáról. — Földr. Ért. 13. 
I . p p . 1 0 9 - 1 1 2 . 
RÉTHLY, A . (1913): A magyarországi párolgásmegfigyelésekről. — Vízügyi Közi. III. évf. 5. f. pp. 
107-123. 
RÉTHLY, A . (1935): A legnagyobb esők Magyarországon az 1901-30. években. — Földr. Közi. LXIII . 
köt. pp. 236-251. 
ROHRINGER, S. (1934): Az ármentesítések, lecsapolások és szikesek közötti összefüggés. (A magyar 
szikesek c. kötetben). Bp. pp. 21-34. 
RÓNAI, A . (1956): A magyar medencék talajvize. Az országos talajvíztérképező munka eredményei. — 
Földt. Int. Évk. XLVI. 1. p. 245. + VII. t. 
RÓNAI, A . (1959): Adatok a folyók üledékképző munkájának ismeretéhez. — Hidr. Közi. pp. 1-16. 
RÓNAI, A . (1972): Negyedkori üledékképződés és éghajlattörténet az Alföld Medencéjében. — M Á F I 
évkönyve LVI. köt. I. f. 
SOMOGYI, S. (1961): Hazánk folyóhálózatának fejlődéstörténeti vázlata. — Földr. Közi. IX. köt. (LXXV). 
I. pp. 25-50. 
SOMOGYI, S . (1967): Az ármentesítések és folyószabályozások földrajzi hatásai. — Földr. Közi. XV. 
(XCI.) köt. 2. sz. I. pp. 145-157. 
SOMOGYI, S . (1968): Adatok a folyómedrek szakaszjellegének és hordalékszállításának összefüggéseihez. 
— VITUKI. A folyószabályozás és hordalékmozgás időszerű kérdései. Szimpozion. Bp. 1-9. 
SOMOGYI, S. (1980): Korábbi és újabb társadalmi hatások a magyar folyók életére. — Alföldi 
Tanulmányok. Békéscsaba, 1980. pp. 19-36. 
STEKANOVITS, P . (1956),(1963): Magyarország talajai I—II. kiad. — Akad. Kiadó Budapest, p. 252., p. 442. 
STRÖMPL, G . (1945): AZ Alföld vándorló folyói. — Földr. Társ. Zsebkönyve, Bp.p. 86-95. 
SÜMEGHY, J . (1944): A Tiszántúl.- Földt. Int. Évk. I-II. pp. 1-207.+ 39. t. 
SÜMEGHY, J . (1955): A magyarországi pleisztocén összefoglaló ismertetése. — Földt. Int. Évi jel. 1953-ról, 
pp. 395-403. 
SZABOLCS, I . (1961): A vízrendezések és öntözések hatása a tiszántúli talajképződési folyamatokra. — 
Akad. Kiadó, Bp. p. 369. 
SZÁNTÓ I. (1940): Erdőtenyészet, éghajlat és lecsapolás. — Orsz. Erd. Egy. Sopron, p. 252. 
SZESZTAY, K . (1958): A természetes párolgás. — Mérn. Továbbképző Int. p. 221. 
SZESZTAY, K . (1958): Vízgyűjtő területeink vízmérlegének számbavétele. — Időjárás. 62. évf. 6. sz. pp. 
313-328. 
SZUROVY, G . (1948): A Nagy Magyar Alföld fejlődéstörténete. — Földt. Közi. LXXVIII. évf.pp. 206-213. 
ÚJVÁRI, J . (1964): A vízfolyások táplálásának és vízjárásnak típusai a Román Népköztársaság területén. 
— Hidr. Közi. 44. évf. 5. sz. pp. 209-217. 
ÚJVÁRI, J . (1972): Geografia apelor Romaniei — Bukarest, p. 591. 
URBANCSEK, J . (1960): Az alföldi ártéri kutak fajlagos vízhozama és az abból levonható vízföldtani és 
ősföldrajzi következtetések. — Hidr. Közi. 5. pp. 398-403. 
Transformation of the Physical Environment 
II 
URBANCSEK, J . (1965): Az Alföld negyedkori földtani képződményeinek mélyszerkezete. — Hidr. Közi. 
3. pp. 111-124. 
VÁGÁS, I. (1959): A tiszalöki duzzasztás talajvízre gyakorolt hatása. — VITUKI 1957. évi beszámoló. 
1 9 1 - 1 9 9 . 
VÁGÁS, I. (1979): Emelkedik-e az árvizek szintje? — Élet és Tud. 41. sz. (X. 12.) pp. 1299-1301. 
VITUKI (1983): A Tisza mederváltozásai Kisköre és a déli országhatár között. 1976-1982/83. A Vízrajzi 
Intézet Folyóhidrológiai Osztályának jelentése, pp. 1-57. 
ZÓLYOMI, B. (1952): Magyarország növénytakarójának fejlődéstörténete az utolsó jégkorszagtól. — 
MTA Biol. Oszt. Közi. pp. 491-544. 
Magyarország éghajlati atlasza I. (Szerk. KAKAS J . ) 1960. Akad. Kiadó, Bp. 
Magyarország Hidrológiai Atlasza (VITUKI) I. sorozat: Folyóink vízgyűjtője 1. a Zagyva (1952) 2. A 
Sajó (1953), 4. A Mosoni-Dunaág (1954), 5. A Felső-Tisza (1955), 6. A Körösök (1956), 7. A Tisza 
(1958), 8. Az Ipoly (1962), 9. A Duna (1962), 10. A Dráva (1964), II. sorozat: Hidrometeorológiai 
adatok 1. csapadékviszonyok (1952), 2. Hőmérsékleti és párolgási viszonyok (1956), 3. A Vízgyűjtők 
átlagos csapadéka (1959), 2. Árvízi adatok (1959), 3. Folyóink jégviszonyai (1959). IV. sorozat: 
Magyarország állóvizei. 1. Magyarország állóvizeinek katasztere (1962), 2. Magyarország vizenyős 
területeinek katasztere (1966). 
Magyarország tájföldrajza. I. A dunai Alföld. — Akad. Kiadó, 1967. Bp. p. 358. 
Magyarország tájföldrajza. II. A tiszai Alföld. — Akad. Kiadó, 1969. Bp. p. 381. 
Magyarország vízvidékeinek hidrológiai viszonyai. — VITUKI Bp. 1965. p. 138. 
Magyarország vízborította és árvizjárta területei az ármentesítö és lecsapoló munkálatok előtt. 
M = 1:6000000. 1938. — Földm. Min. Vízrajzi Int. Bp. 
